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(54) Method of monitoring conditions of vehicle tires and tires containing a monitoring device 
therein 



(57) A method for monitoring various physical con- 
ditions of pneumatic tires, and to a tire including a mon- 
itoring device. More particularly, the invention relates to 
a method of monitoring tires which uses an active, 
self-powered programmable electronic device which is 
installed in or on the interior surface of a pneumatic tire 
or on a tire rim. This device can be used for monitoring, 
storing and telemetering information such as tempera- 
ture, pressure, tire rotations and/or other operating con- 
ditions of a pneumatic tire, along with tire identification 
information. The device can be activated by externally 
transmitted radio frequency waves and in response, the 
device compares or transmits information and provides 
a warning in the event a preselected limit is exceeded. 
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Description 

FIELD OF THE INVENTION 

This invention pertains to a method for monitoring 
various conditions of pneumatic tires and to tires con- 
taining a monitoring device. More particularly, the inven- 
tion relates to a method of monitoring tires which uses 
an active, self-powered, programmable electronic de- 
vice which is generally installed in or on the interior por- 
tion of a pneumatic tire-or on a tire rim. The device can 
be used for monitoring, storing and telemetering infor- 
mation such as temperature, pressure, tire mileage 
and/or other operating conditions of a pneumatic tire, 
along with tire identification information. 

BACKGROUND OF THE INVENTION 

It is desirable to monitor the condition of tires as to 
wear, internal temperature and internal pressure. It is 
particularly advantageous to monitor large truck tires 
since these are expensive and must be regularly main- 
tained to maximize vehicle efficiency. 

In the past, such monitoring activities have generally 
used a passive integrated circuit embedded within the 
body of the tire and activated by a radio frequency trans- 
mission which energizes the circuit by inductive magnet- 
ic coupling. Passive devices which rely on inductive 
magnetic coupling or capacitive coupling generally have 
the disadvantage of requiring lengthy coil windings, thus 
requiring major modifications in the tire construction and 
assembly process. Another serious disadvantage with 
such passive devices is that the interrogator must be po- 
sitioned in very close proximity to the tire, usually within 
a few inches of the tire, in order to allow communication 
between the tire and the device. Because of the proximity 
requirements, continuous monitoring is impractical since 
it would require that an interrogator be mounted at each 
wheel of the vehicle. Manual acquisition of data from the 
passive devices embedded in each of the tires of a 
parked vehicle is also cumbersome and time consuming 
because of the proximity requirements. 

Other prior art devices used for monitoring tire con- 
ditions have comprised self-powered circuits which are 
positioned external of the tire, such as at the valve stem. 
Externally mounted devices have the disadvantage of 
being exposed to damage, such as from weather and 
vandalism. Another disadvantage with installing devices 
external of the tire is that the device itself introduces ad- 
ditional sealed joints from which air may leak. Addition- 
ally, externally installed devices can easily become dis- 
associated from a particular tire which is being moni- 
tored. 

Another disadvantage with known tire monitoring 
and identification devices is that communication trans- 
missions are achieved using conventional radio frequen- 
cies which generally require a relatively large antenna 
which must be mounted externally or secured to the tire 



in such a manner which requires-relatively major modi- 
fications in the tire construction or assembly process. 

SUMMARY OF THE INVENTION 

5 

In accordance with an aspect of the present inven- 
tion, a method of monitoring tires is provided in which an 
activatable monitoring device or tag is mounted within at 
least one tire of a vehicle, on the interior surface thereof, 

10 or on the tire rim. The device is activated by means of 
an interrogator signal having a frequency in the micro- 
wave range. In response to the signal, the monitoring de- 
vice measures and transmits information relating to one 
or more conditions such as the internal pressure and 

75 temperature of the tire, the number of rotations of the 
tire, and tire identification information. Desirably, the tire 
information is received at a monitoring station where the 
information can be viewed on a color coded, visual dis- 
play ; and even have an audio signal and/or flashing lights 

20 to indicate an undesirable condition with respect to ac- 
ceptable values. The display can show all the tires of a 
vehicle sequentially or at the same time. Alternatively, 
the monitoring device can be activated to transmit the 
various conditions to a host storage device located in a 

25 weigh station, a trucking terminal, etc., which thus can 
record and contain the history of the transmitted condi- 
tion values of the individual tires. 

The monitoring device includes an active circuit 
which is powered by a dedicated, long life, miniature bat- 

30 tery and one or more sensors for detecting and trans- 
ducing operating conditions. The device further includes 
integrated circuitry; a programmable microprocessor for 
processing the electrical signals from the sensor and for 
data storage including tire identification information; and 

2S a microwave receiver/transmitter for receiving and te- 
lemetering the processed electrical signals from the sen- 
sors in response to an electromagnetic signal from an 
external interrogator. By using microwave frequency 
transmissions, it is possible to achieve relatively 

40 long-range transmissions using a relatively small anten- 
na. The monitoring device can be installed either on new 
tires during the manufacturing process or added to ex- 
isting tires. 

The monitoring device is preferably capable of being 
45 programmed to remain in a dormant mode unless a con- 
dition limit has been exceeded such that the monitoring 
device does not respond to routine interrogation unless 
a condition limit has been exceeded. 

The monitoring device can be secured to the tire wall 
so by means of a pocket or cover which holds the device to 
the tire. The cover or pocket can be secured to the tire 
by utilizing a chemical or heat activatable adhesive. The 
monitoring device is secured to the tire in such a manner 
and location as to minimize stress, strain, cyclic fatigue, 
55 impact and vibration. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partial cross -sectional view of a pneumatic 
tire in accordance with the invention with monitoring 
devices installed at two alternative locations within s 
the pressurizable cavity of the pneumatic tire; 

Fig. 2 is a block diagram of the electrical compo- 
nents and antenna of the monitoring device utilized 
with the present invention: w 

Fig. 3 is a side elevation view of an alternate config- 
uration of the electrical components and antenna of 
the monitoring device shown in Fig. 2; 

15 

Fig. 4 is a block diagram of the micro-chip contained 
in the monitoring device shown in Fig. 2; 

Fig. 5 is a block diagram of an interrogator which 
communicates with and retrieves information from 20 
the monitoring device; 

Fig. 6 is a cross-sectional view of an encapsulated 
electronic monitoring device assembly; 

25 

Fig. 7 is a cross-sectional view of a monitoring 
device assembly which is mounted to the interior 
wall of a pneumatic tire by means of a cover secured 
to the interior wall of the pneumatic tire; 

30 

Fig. 8 is a cross-sectional view of a monitoring 
device assembly which is positioned within a recess 
on and is mounted to an interior wall of a pneumatic 
tire by means of a cover secured to the interior wall 
of the pneumatic tire; 35 

Fig. 9 is a perspective view of the cover securing the 
monitoring device assembly to the interior wall of the 
housing; 

40 

Fig. 10 is a cross-sectional view of a suitable cover 
formed on the interior wall of a pneumatic tire for 
securing a monitoring device thereto; 

Fig. 11 is a sectional view of a pocket assembly in 45 
accordance with another embodiment of the inven- 
tion: 

Fig. 12 is a top view of the pocket assembly of Fig. 

11; so 

Fig. 1 3 is a sectional view of a tire having a monitor- 
ing device assembly embedded in the interior of the 
tire in the vicinity of the tire crown; 

55 

Fig. 1 4 is a sectional view of a tire having a monitor- 
ing device assembly embedded in the tire on the tire 
interior in the vicinity of the tire bead; and 



Fig. 1 5 is a sectional view of another embodiment of 
the tire showing the monitoring device assembly 
attached to the interior of the tire in the vicinity of the 
tire crown. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In accordance with an embodiment of the invention, 
a method of monitoring at least one condition of a tire is 
provided including the steps of providing the tire with an 
internally mounted monitoring device; sensing and 
measuring engineering conditions, including but not lim- 
ited to temperature, pressure, distance, speed, etc. 
and/or storing the sensed conditions as data with the de- 
vice pertaining to the monitored condition; activating the 
device to cause transmission of the measured data; and 
optionally comparing the data to preselected limits and 
signaling an alert if the limit is exceeded. The phrase "in- 
ternally mounted" means that the monitoring device is 
built into the tire or mounted on an interior surface of a 
pressurizable cavity formed between the tire and the rim 
of a tire/rim combination or on the tire rim itself. The mon- 
itoring device is desirably activated by the transmission 
of a radio frequency interrogation signal when the tire is 
within a desired range of a signal transmitter. The mon- 
itored conditions can include pressure, temperature, or 
revolution and/or mileage information, and also tire his- 
tory or identification information such as serial number, 
tire size, date and location of manufacture, retread infor- 
mation and the like. 

In accordance with another embodiment of the in- 
vention, a tire is provided which is preferably a pneumatic 
tire having a monitoring device internally mounted within 
the tire at a location as noted in the above paragraph. 
Regardless of the monitoring device location, it option- 
ally can be encased with materials set forth hereinbelow. 
When located in a recess or on the surface of the tire 
interior, it can optionally be housed within a cover or a 
pocket. The specific attachment or adhering means can 
be through the use of a chemical cure adhesive including 
a room temperature amine curable adhesive or a heat 
activatable cure adhesive. 

Referring now to the drawings, in Fig. 1 there is 
shown a partial sectional view of a pneumatic tire 5 hav- 
ing a monitoring device 10 or 10' secured to the inner 
wall of the pneumatic tire 5 at two preferred locations 
thereof In practice, a pneumatic tire would generally 
have only one electronic monitoring device at any interior 
tire location or on tire rim 1 2. As apparent from Fig. 1 , 
one preferred location is in the vicinity of the tire bead 
below the end of the body ply turn-up where the sidewall 
bending stiffness is greatest and where the rolling tire 
stresses are at a minimum. The lower most extent of the 
tire bead location wherein such properties are obtained 
is generally the bottom of the tire bead. In a specific tire, 
for example, a 285/75R24.5 R299 Truck/Bus Radial 
("TBR"), this preferred location is a distance of about one 
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to about two inches above the toe bottom of the tire. 
Above the noted range, the cyclic strain amplitudes grow 
very quickly. As also shown in Fig. 1 , another preferred 
location of the monitoring device is on the inside ot the 
tire at the center of the tread crown where tire stresses 
from mounting and dismounting are at a minimum. 

The monitoring device 10 is comprised of a micro- 
chip 20, an antenna 30, an amplifier 42, a battery 44, a 
pressure sensor 46, and optional temperature and mile- 
age/distance sensors (not shown), populating a circuit 
board 48 as depicted in Fig. 2. While not shown in the 
embodiment of Fig. 2, it is envisioned that the microchip 
20 itself can contain all or some of the aforementioned 
components. 

While optional, it is desirable that -the monitoring de- 
vice be contained in a rigid or semi-rigid encasement to 
enhance rigidity and inhibit straining of the device. This 
reinforcing encasement or encapsulation is a solid ma- 
terial, i.e., non-foam compounds, which is compatible 
with the tire rubber, such as various urethanes, epoxies, 
unsaturated polyester-styrene resins, and hard rubber 
compositions. Hard rubber compositions generally refer 
to any type of rubber or elastomer which is crosslinked 
and has a Shore A hardness of from about 50 to about 
1 00, and desirably a Shore D hardness of from about 5 
to about 80 and preferably a Shore D hardness from 
about 40 to about 80. We have found that the solid ma- 
terials most suitable for use as reinforcement encase- 
ment or encapsulation of the device typically have an 
elastic modulus (Young's Modulus, E) in the range of 
about 1 00 ksi (1 00,000 pounds per square inch) to about 
500 (500,000 pounds per square inch) ksi. The actual 
selected elastic modulus of the solid reinforcement en- 
casement materials used to encase the device are a 
function of the stiffness of the monitoring device itself. 

An example of the monitoring device being encap- 
sulated is shown in Fig. 6, wherein monitoring device 10 
is encased within encasement or encapsulating material 
16 to form monitoring device assembly 17. As shown in 
Fig. 6, it is an important aspect of the present invention 
that the sensor 46, which measures pressure, have an 
opening, aperture, etc., 18 to allow an air path to the sen- 
sor so it can measure the internal tire pressure. 

Referring now to Figs. 7 and 3, and as noted above, 
monitoring device assembly 17 can optionally have a 
flexible housing such as pocket 75 or cover 80. Suitable 
housing materials which function to hold the monitoring 
device to the tire include generally flexible and resilient 
rubbers such as natural rubber or rubbers made from 
conjugated dienes having from 4 to 10 carbon atoms 
such as synthetic polyisoprene, polybutadiene, sty- 
rene-butadiene rubber, and the like, flexible poly- 
urethanes, flexible epoxides, and the like, and having a 
hardness on the Shore A hardness scale of from about 
50 to about 95, and preferably from about 55 to about 75. 

Fig. 9 is a perspective view of Figs. 7 and 8 showing 
the cover 80 secured to the interior wall 7 of tire 5 The 
cover 80 has an adhering surface which secures the 



monitoring device assembly to a surface of the tire, pref- 
erably within the pressurizable tire cavity Slit 84 provides 
an air passage so that the pressure sensor can appro- 
priately monitor air pressure. 
5 Fig. 7 shows monitoring device assembly 17 se- 

cured to tire 5 through cover 30. The cover has a slit 84 
to allow a pressure sensor of the device to detect the 
internal tire pressure. Generally, cover 80 is secured to 
the interior portion of the tire. Except for the opening or 
10 slit 84 necessary for pressure sensing, the cover 80 sur- 
rounds the monitoring device assembly 17 as shown in 
Fig. 7, and is secured to the interior portion of the tire 
about the perimeter of the monitoring device assembly. 
As apparent from Fig. 8, the monitoring device as- 
15 sembly 1 7 is located within tire pocket or recess 75 The 
tire pocket or recess 75 can be made by inserting a rec- 
tangular TEFLON® (PTFE) billet of the appropriate di- 
mensions onto the uncured tire interliner at the location 
of the desired recess 75. During tire manufacturing, the 
20 curing pressure of the mold will press the billet into the 
tire inner liner and cure in the recess pocket 75 as shown 
in Fig. 8. Cover 80 is then attached about the perimeter 
of the monitoring device assembly to the tire inner liner. 
Cover 80 also has a slit 84 therein to allow detection of 
25 air pressure. Cover 80 may be co-cured with the green 
tire or may be attached to the tire after curing by use of 
various types of adhesives as discussed below. 

Referring now to Fig. 10 : when a cover 30 such as 
shown in the configurations of Figs. 7 and 8 is utilized, a 
30 non-adhering sheet 86, constructed, for example from 
TEFLON® (PTFE) or silicon release materials, can be 
placed between the cover 80 and the underlying tire in- 
ner wall 7 to ensure that a cavity is formed to house the 
monitoring device assembly. The cover is then adhered 
35 to the interior of the tire utilizing a suitable adhesive sys- 
tem. After curing of the adhesive system, the non-adher- 
ing sheet 86 is removed. The monitoring device, whether 
or not encapsulated, can then be inserted through the 
slot of flexible cover 80. Alternatively, the monitoring de- 
40 vice ; whether or not encapsulated, can be positioned in 
an abutting relationship with tire 5 and cover 80 installed 
thereover and adhered to tire 5 at the cover perimeter by 
a suitable adhesive. 

In preferred embodiments as shown in Figs. 11 and 
45 12, the monitoring device is contained within housing 
pocket 90 which has a slot for mounting the assembly 
within the pocket and through which the antenna of the 
monitoring device can project after assembly. Further, 
pocket 90 includes an optional substrate 1 1 0 such as to 
so assure adhesion of pocket 90 to tire 5. The housing pock- 
et 90 comprises a top portion or cap 92 having a pocket 
cavity 94 for receiving and retaining monitoring device 
assembly through opening 96. Pocket cavity 94 is gen- 
erally of a suitable size and shape to snugly hold or se- 
55 cure monitoring device assembly. Pocket 90 also in- 
cludes band 98 for securing and biasing antenna 30 of 
the monitoring device assembly to raised portion 102 of 
pocket 90 
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Another manner of securing the monitoring device 
assembly 17 to tire 5 is to physically embed monitoring 
device assembly 1 7 within tire 5 during the manufacture 
of the tire by placing the device between the tie-gum ply 

199 and inner liner ply 200 of the uncured tire. After cur- 
ing, the device is permanently contained in the tire struc- 
ture. Figure 1 3 illustrates a tire cross section containing 
an embedded monitoring device assembly 1 7 positioned 
in the inner liner body ply portion 200 located at or in the 
vicinity of tire crown 202 by this method. Crown 202 is 
one of the preferred locations for placement of the mon- 
itoring device. Experience has shown that the monitoring 
device should not contact the body ply 204 because such 
contact may degrade the durability and structural per- 
formance of body ply 204. Another preferred location is 
near tire bead 210 as shown in Figure 14. A small re- 
movable dowel 206 is contained in the monitoring device 
assembly 17 at the time of placement in the green tire. 
The dowel 206 presses through inner liner ply portion 

200 upon the application of curing pressures to form a 
hole or aperture for air passage to the pressure sensor 
in the monitor assembly 17. The dowel 206 should have 
suitable dimensions and a smooth, rounded end to en- 
sure passage through the soft inner liner rubber without 
damaging the mold bladder (not shown) which is used 
during the tire curing operation. If desired, the mold blad- 
der can be reinforced at the location of monitoring device 
assembly 17 and dowel 206. Dowel 206 is removed after 
curing of the tire, leaving a finished air hole 

A second embodiment for embedding the monitor- 
ing device assembly is illustrated in Fig. 15. In this meth- 
od, a dowel 220 is first inserted through an inner liner 
patch 222, and then into the monitoring device assembly 
17. Next, monitoring device assembly 17 is sandwiched 
between the uncured tire inner liner pfy 200 and inner 
liner patch 222. After curing, the monitoring device as- 
sembly 1 7 is permanently embedded between patch 222 
and ply 200. In this procedure, a larger, contoured dowel 
head 224 can be employed to further reduce trauma to 
the mold bladder (not shown). 

The various adhesive systems which can be used 
to adhere the monitoring device to the tire embrace nu- 
merous chemical cure adhesives including ambient tem- 
perature amine curable adhesives. Heat cure adhesives 
can also be used. Suitable chemical cure adhesives in- 
clude conventional sulfur cure systems such as various 
self vulcanizing cements, various chemical vulcanizing 
fluids, and the like such as those sold by The Patch Rub- 
ber Company- of Roanoke Rapids, North Carolina. 

The room temperature or ambient amine curable ad- 
hesive system comprises initially applying a treating 
agent to the various surfaces to be adhered (e.g., tire, 
cover, etc.) followed by the application of various amine 
curable polymers or prepolymers. Suitable treating 
agents include various N-haloamides, the various 
N-halohydantoins, the various N-haloimides, and com- 
binations thereof. Examples of various desirable N-halo- 
hydantoins include 1 .3-dichloro-5,5-dimethyl hydantoin; 



1,3-dibromo-5,5-dimethyl hydantoin; t,3-dichloro-5-me- 
thyl-5-isobutylhydantoin; and 1 ,3-dichloro-5-me- 
thyl-5-hexyl hydantoin. Examples of N-haloamides in- 
clude N-bromoacetamide and tetrachloroglycoluril. Ex- 
5 amples of N-haloimides include N-bromosuccinimide 
and the various chloro substituted s-triazinetriones, com- 
monly known as mono-, di-, and trichloroisocyanuric ac- 
id. A preferred treating composition for use in the practice 
of the present invention are the various mono-, di-, or 
to tri-chloroisocyanuric acids, or combinations thereof. 
Trichloroisocyanuric acid is especially preferred. 

The treating agents usually exist in solid form. They 
are readily soluble in solvents such as acetone and the 
like and thus can be applied in liquid form. Application of 
is the treating agent generally occurs at ambient tempera- 
tures. Application can occur through any conventional 
manner as through brushing, spraying, and the like. The 
amount applied is such that the substrate is coated. Pref- 
erably, two or more coats of the treating agent or adhe- 
re sive compound are used to ensure that all the cured rub- 
ber substrate surface has been coated. 

Said ambient temperature amine curable adhesive 
systems are known to the art and literature as set forth 
in U.S. Patent Nos. 4,718,469, 4,765,852, and 
25 4;923,543, which are hereby fully incorporated by refer- 
ence. 

The heat cured adhesion systems generally utilize 
various adhesives which upon heating-to temperatures 
of at least 1 00°C and generally from about 1 1 5 to about 

30 1 70° C form an adhesive bond between the tire substrate 
and directly or indirectly with the monitoring device, it be- 
ing understood that the curing time required is depend- 
ent on temperature, with shorter times required at higher 
temperatures. Suitable conventional heat cured adhe- 

35 sives are known to the art and include various extruder 
cements, various retread and vulcanizing cements, and 
the like, for example, those sold by The Patch Rubber 
Company of Roanoke Rapids, North Carolina. 

The adhesive may be directly applied to the moni- 

40 toring device, to the encased or encapsulated monitoring 
device assembly, to the cover or pocket for the monitor- 
ing device, or any combination thereof. Alternatively, the 
monitoring device or monitoring device assembly can be 
attached to the tire rim with a suitable adhesive. When 

45 a cover or pocket is utilized, an intermediate layer such 
as a cushion gum layer is optionally but desirably con- 
tained between the adhesive applied to the cover or 
pocket on one hand and the adhesive applied to the tire 
interior on the other hand to insure better adhesion of a 

50 monitoring device to the tire. Desirably, both the tire and 
the cover or pocket have previously been buffed and 
cleaned with a solvent and coated with an adhesive. 

Referring now to the monitoring device or tag 10, it 
includes a board made of a suitable material to hold the 

55 various components, one of which is an integrated circuit 
or micro chip 20 as is shown in the block diagram of Fig. 
4. The integrated circuit preferably includes one or more 
analog to digital converters for digitally coding internal 
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and or external analog signals. Suitable integrated cir- 
cuits for use with the invention are commercially availa- 
ble and/or can be fabricated. One such commercially 
available circuit. 20 which has been found to be particu- 
larly well suited for use with the invention is an RFID "Mi- 
cron" chip available from-Micron Communications, Inc. 
of Boise, Idaho. Fig. 4 is a block diagram of the "Micron" 
chip which is suitable for use with the invention. 

The chip 20 contains a central processing unit for 
processing commands, a 256 byte random access mem- 
ory and micro wave radio circuitry for transmission and 
reception of data. The center frequency of transmission 
is 2.45 GHz. Circuitry for low and high frequency trans- 
mission bands are utilized by the chip to wake up or turn 
off to outside transmissions (instructions), according to 
a scheme developed by Micron and defined in their pro- 
tocol publication of July 22, 1993 : pre-release Ver. 0.95. 
Internal sensors for monitoring temperature, supply volt- 
age, magnetic field strength and ambient light intensity 
are contained in the chip. The chip also has communi- 
cation ports supporting digital and analog input/output 
functions. The analog port can be programmed to source 
up to 2 milliamps of current. Analog input voltages from 
0 to 2.5 volts can be read for monitoring external sensors. 
Up to 256 analog ports can be sampled by multiplexing. 
The chip can execute up to 30 predefined commands 
sent by radio transmission. These commands include 
functions dealing with tag identification, memory 
read/writes, I/O port read/writes, alarm threshold set- 
tings, password/security and enable/disable commands 

The integrated circuit 20 also preferably includes the 
already discussed internal sensors and/or one or more 
external analog ports for receiving an analog signal from 
one or more external sensors. The device optionally but 
preferably includes a pressure transducer which is pref- 
erably a solid state device such as a piezo-resistive pres- 
sure sensor. Suitable piezo-resistive pressure sensors 
are available from Lucas NovaSensor. Particularly pre- 
ferred are Lucas NovaSensor's NPC-103 series sen- 
sors. 

The temperature sensor can also generally be any 
conventional sensor such as Model No. LM 35 CAZ 
made by National Semiconductor. The tire mileage de- 
tector can give out a readout signal in miles, kilometers, 
etc. , and preferably may be in the form of a mild magnetic 
detector responsive to an external magnetic field which 
field is sensed by the detector upon each full revolution 
of a tire. Alternatively, a detector may detect each up or 
down cycle of the tire and produce a signal which is 
counted. This counted number can then be sued to cal- 
culate tire mileage. An additional sensor which can be 
utilized is a speed sensor which monitors the speed of 
the vehicle. 

The electronic monitoring device or tag 10 contains 
various components for receiving and transferring infor- 
mation to the interrogator. A specific component is the 
amplifier 42 which is used to boost the analog signal re- 
ceived from various sensors and transmit the same to 
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the chip and subsequently to the interrogator. The am- 
plifier can be connected to an external analog port of the 
microchip 20. The electronic monitoring device is active 
inasmuch as it contains a power source such as a battery 
s and thus is self-powered. Any conventional long life al- 
kaline battery 44 can be utilized such as a 0.07 amp hour, 
lithium thionyl chloride battery, type 7-10 made by Bat- 
tery Engineering, Inc., of Hyde Park, MA. 

Monitor 10 also includes a microwave antenna 30 
io which can be located either adjacent to the monitoring 
device shown in Fig. 2 or alternatively on the backside 
thereof as shown in Fig. 3. The antenna 30 can be a suit- 
able conducting means such as a single serpentine nar- 
row wire or a thin sheet of a metal foil, for example, cop- 
per, so long as it has a resonance frequency similar to 
the microwave transmission frequency. Generally, any 
microwave frequency can be utilized such as from about 
1 x 10 9 to about 5 x 1 0 9 hertz with a suitable frequency 
being from about 2.40 to about 2.49 x 10 9 hertz. 

Another embodiment, not shown, utilizes sensors 
exterior of monitoring device 1 0 as in the-form-of decals 
having lead lines running to the monitoring chip. 

Fig. 5 is a block diagram of a generic type interroga- 
tor 60 which can be used to communicate with and re- 
trieve digitally coded information from the electronic 
monitoring device. The interrogator includes microwave 
transmitter and receive circuits for communicating with 
the micro chip. The RF transmitter utilizes dual frequency 
bands so that only tags (i.e. monitoring devices) pro- 
grammed to respond to a certain band will be activated, 
leaving the others dormant and conserving battery pow- 
er. This is called "data band switching" and is defined as 
part of the public domain Micron protocol. The interroga- 
tor includes circuitry to receive and transmit using spread 
spectrum modulation as defined in the Micron protocol 
and as required by the FCC for microwave communica- 
tion devices. The power level of transmission is user se- 
lectable and either one or two antennas can be employed 
by the interrogator to improve reception. The interrogator 
includes I/O communications hardware to support inter- 
action with a host computer via parallel, serial RS-232, 
RS-485 and Ethernet links. A commercially manufac- 
tured interrogator of the type described is available from 
Unisys Corp., Salt Lake City, Utah. The interrogator can 
be interfaced with a computer 70 to allow downloading, 
archiving, and analysis of data transmitted from the elec- 
tronic monitoring device 10. Moreover, different interro- 
gators or a plurality thereof can be utilized with respect 
to different interrogation situations. 

The interrogator can be remotely located in a vehi- 
cle, e.g., a truck, to permit intermittent monitoring at reg- 
ular intervals such as every thirty minutes, to alert the 
driver of the vehicle of any imminent or impending prob- 
lems such as over or under inflation or abnormally high 
temperatures. Alternatively, the interrogator can be lo- 
cated at a vehicle service stop, e.g., fuel station, trucking 
terminal, or at any other convenient location for archival, - 
and/or current sensor readouts of tire pressure and tire 
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revolutions etc., as through visual readouts, flashing 
lights, etc., as noted above. The monitoring devices in 
each tire can be interrogated for information at regular 
or arbitrary intervals and the data can be stored on a 
computer interfaced to the interrogator. The monitoring 5 
device 10 can also be programmed to act as an alarm 
system to warn of extreme temperature or pressure con- 
ditions, or it may be used to log pressure and/or temper- 
ature histories during tire operation. Such data can be 
used, for example, to evaluate the ret readability of truck io 
tires. 

The interrogator includes various features such as 
software protocol for sorting, identifying and communi- 
cating with multiple monitoring devices without ambigu- 
ity, thus enabling a signal interrogator to quickly sort and is 
retrieve mlormation from a plurality of monitoring devices 
associated with individual tires on a vehicle or on multiple 
vehicles Tnc broadcast range, from within a tire can 
vary such as in excess of fifty feet, thus permitting a sta- 
tionary interrogator to quickly query all tire chips on a ve- 20 
hide which ib y<-ibbing by the interrogator or from an on 
bonrd vehicle ocation. 

in ricccraVince with the preferred mode of the inven- 
t»on .i in c io pr DvKJcd with a self -powered monitoring de- 
vice on tnc nicro- or within the tire or on the tire material. 2S 
The momtotmcj dovco includes means to sense and 
M>e a«t.« reru'dmq h tire condition, such as tempera- 
ture o< proviu c m icsponse to a triggering signal, the 
pr.*«-r «*-mito nt tho monitoring device is activated and 
in > rv>v>-r 'i.tnM! , tr o condition data. For example, the 30 
m.f j! on-vj ji'v»:c m.iy be dentified by having the inter- 
rr-.ntor ,v,.j tv. K^ntitiCHiion code associated with the 
t«? u, ;r>o rnonftonnc device is affixed. The identi- 

ty. . r<j.> c.m ic* cample, be stored as a 10 byte 
r»;jrvt.o! f lf «,t 4 o^tcs containing a standard interna- 3S 
i*«n.i city's ftc.it -if i ■ SIC i code the next 2 bytes contain- 
in j <i u>.VLifTy ccuo .trKJ the last 4 bytes identifying the 
p.iftic ui-.r tire Fu-tfier m accordance with the preferred 
mxio o* irw ituor^on the monitoring devices 10 include 
Joa to r> a r.i t.irxJ switching for selective communi- 40 
cation boiAo^n Truit^io interrogators and multiple mon- 
itor if oev*:et* T~*o »oa bnnd can correspond to a dor- 
mant mooc wherem On'tcry power is conserved. Moni- 
toring acv»cc *0 aim remain dormant unless an interro- 
gator broridcnjts n low band instruction to activate the ^5 
device The moniiofing device and interrogator frequen- 
cies enn dc switched upon command This allows for se- 
lective gruupb oi monitoring devices to become active 
mid icbpoi J Ij rtii i ite ioyntoi broadcast while others 
remriin dormant The monitoring device frequency can so 
be switched b/ nn externally measured event which is 
being moncorcd by <i sensing device (e.g. temperature) 
so that it activates m response to an interrogator upon a 
preset limn to h monitored condition being exceeded. 
High and lew sensor thresholds can be programmed to 
determine when frequency switching occurs, thus ena- 
bling the monitoring devices to operate in an alarm 
mode 



Also in accordance with a preferred mode of the in- 
vention, communications between multiple monitoring 
devices and an interrogator or multiple interrogators is 
facilitated by means of an arbitration method, thereby 
permitting unambiguous communications. The interro- 
gator, monitoring device, and data communication pro- 
tocol preferably allow various commands to be transmit- 
ted from the interrogator to the monitoring device. Exam- 
ples of desired commands include functions dealing with 
tire identification, memory, digital and analog port 
read/writes, alarm threshold settings, password and se- 
curity data and enable and disable commands. These 
commands determine the functionality of the monitoring 
device and permit customization of operation for different 
applications. For example, through software commands 
a monitoring device can be set to ignore inquiries from 
an interrogator unless a tire temperature exceeds a cer- 
tain threshold or an air pressure falls below a given set 
point. Alternatively, the monitoring device could be set to 
respond to an on board vehicle interrogator request for 
periodic readings of temperature and pressure during 
tire operation in the field. Battery life would dictate the 
frequency and duration of communications that are pos- 
sible. 

While in accordance with the patent statutes the best 
mode and preferred embodiment has been set forth, the 
scope of the invention is not limited thereto, but rather 
by the scope of the attached claims. 



Claims 

1 . A method for embedding a monitoring device within 
a tire during manufacture of the tire, comprising the 
steps of: 

prior to curing the tire, placing the monitoring 
device having a dowel on a tie gum ply without hav- 
ing the monitoring device contact a body ply; 

prior to curing the tire, assembling an inner 
liner ply over said monitoring device and over said 
tie gum ply; 

applying pressure to said inner liner ply so that 
said dowel presses through said inner liner ply; 
curing the tire; and 

removing said dowel so that an aperture 
extends through said inner liner ply to said monitor- 
ing device. 

2. A method for securing a monitoring device to a tire, 
comprising the steps of: 

providing an inner liner patch having a first side 
and a second side; 

inserting a dowel having a body and a head 
through a first side of said inner liner patch until said 
head contacts said first side of said patch and said 
body penetrates through to said second side of said 
patch; 

assembling the monitoring device to said sec- 
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ond side of said patch so that a portion of the device 
is in contact with said body of said dowel penetrating 
said second side of said patch; 

adhering said inner liner patch to a tire inner 
liner ply by contacting said second side of said patch 
to said tire inner liner; 

curing said inner liner patch to said tire inner 
liner ply by applying heat and pressure; 

removing said dowel so that an aperture 
extends through said inner liner patch to said mon- 
itoring device. 

3. The method of claim 2 or 3 wherein the step of 
assembling includes assembling in the vicinity of a 
crown of the tire. 

4. The method of claim 2 or 3 wherein the step of 
assembling includes assembling in the vicinity of a 
bead of the tire. 

5. An apparatus for monitoring an engineering condi- 
tion of a tire comprising: 

a flexible housing having a hardness of from 
about 50 to about 95 on the Shore A scale, said 
housing including a first surface which can be 
adhered to a second surface located within a pres- 
surizable cavity of a tire; and 

a monitoring device positioned within said 
housing, said monitoring device including: 

(a) a power source, 

(b) sensors for sensing the engineering condi- 
tion, 

(c) means for converting said sensed condition 
to data, 



ting said data. 

7. The apparatus as set forth in claim 5, wherein said 
monitoring device a circuit board, at least one sensor 

s for monitoring the engineering conditions of the tire, 
a microchip mounted on said circuit board which 
receives said sensed condition and conditions said 
sensed condition as a signal, an amplifier for ampli- 
fying said conditioned signal in response to an exter- 
na nal signal, an antenna for transmitting said ampli- 
fied, conditioned signal, and a battery for powering 
said microchip and said amplifier. 

8. The apparatus of claim 5 wherein said monitoring 
is device is encapsulated by a solid material having a 

Shore D Hardness from about 5 to about 80 and an 
elastic modulus of from about 100 ksi to about 500 
ksi, to form a monitoring device assembly. 

20 9. The apparatus as set forth in claim 5 mounted on 
the surface located within the pressurizable cavity 
of the tire, wherein said housing includes a recess 
molded into the second tire surface, and a cover 
positioned over said recess, said cover including a 

25 slot for insertion of said monitoring device into said 
housing. 

10. The apparatus as set forth in claim 5, wherein said 
means for receiving and said means for transmitting 
30 a signal is an antenna and said housing includes a 
band for retaining said antenna in a position exterior 
to said housing. 

35 



(d) means for transmitting said data responsive 

to a signal, 40 

(e) means for storing said data, 

(f) means for receiving a microwave frequency 
signal, 45 

(g) means for transmitting said data in response 
to said microwave frequency signal. 

6. The apparatus as set forth in claim 5, wherein said 50 
power source is a battery having an active mode and 
a dormant mode, and the device further includes 
means for switching said battery from said dormant 
mode to said active mode to activate said monitoring 
device in response to said transmitted microwave 55 
frequency signal, and means for switching said bat- 
tery from said active mode to said dormant mode 
after said monitoring device has completed transmit- 
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(57) A method for monitoring various physical con- 
ditions of pneumatic tires, and to a tire including a mon- 
itoring device. More particularly the invention relates to 
a method of monitoring tires which uses an active, self- 
powered programmable electronic device which is in- 
stalled in or on the interior surface of a pneumatic tire 
or on a tire rim. This device can be used for monitoring, 
storing and telemetering information such as tempera- 
ture, pressure, tire rotations and/or other operating con- 
ditions of a pneumatic tire, along with tire identification 
information. The device can be activated by externally 
transmitted radio frequency waves and in response, the 
device compares or transmits information and provides 
a warning in the event a preselected limit is exceeded. 
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